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© A microprocessor-based, control unit for analysis 
of a fluid sample, and for especially biomedical 
analysis of a body fluid, is provided. Also provided is 
the combination of a roller assembly and a compart- 
mentalized pouch containing certain chemicals, with 
the rollers functioning to break rupturable seals of 
compartments and to push fluids from one compart- 
ment to another. Apparatus in accordance with the 
present invention, is useful, for example, in monitor- 
ing urea concentration during dialysis. 
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Backg round of the Invention 

This invention relates generally to the analysis 
of a liquid sample, and especially to biomedical 
analysis of a body fluid such as a dialyzed body 
fluid. 

As illustrated by U.S. Patent 4,633,878 to Bom- 
bardier), the use of a sensor to determine the 
concentration of a target chemical species in a 
liquid sample provided by a separator device such 
as a hollow fiber membrane, and to communicate 
the concentration data to a microprocessor, is 
known. As exemplified by U.S. Patent 4,897,189 to 
Greenwood et al, a piston driven by a 
microprocessor-controlled motor, is known for 
pressure-compressing a compartment containing a 
liqutd. to drive the liquid from the compartment 
Additionally, as illustrated by U.S. Patent 4,863,454 
to LaBove, it is known to join a pair of containers 
with a flow connector in between, and to, by force 
of gravity, pass the contents of one container into 
the other. 

However, there is a need for improved analyt- 
ical apparatus useful in the analysis of a small 
liquid sample for a target chemical species. Such 
apparatus would beneficially provide for the prep- 
aration of an analyzable product, suitably a col- 
orimetrically analyzable product, from the target 
species, and provide for quantitative analysis. Ad- 
vantageously, such apparatus would be capable of 
controlling the preparation of the analyzable prod- 
uct, of analyzing the product, and of informing a 
user as to the analytical value obtained. Such ap- 
paratus would be especially beneficial for monitor- 
ing urea concentration during dialysis. 

S ummary of the Invention 

It is accordingly an object of the present inven- 
tion to provide improved analytical apparatus useful 
in the analysis of a small liquid sample for a target 
chemical species. 

It is a further object for such apparatus to 
provide for the preparation of an analyzable prod- 
uct from the target species. 

It is a still further object for such apparatus to 
be capable of controlling the preparation of the 
analyzable product, of analyzing the product, and 
of informing a user as to the results obtained. 

It is an even further object for such apparatus 
to be useful for monitoring urea concentration dur- 
ing dialysis. 

To achieve the foregoing objects and in accor- 
dance with the purpose of the present invention, as 
embodied and broadly described herein, improved 
analytical apparatus is provided. The apparatus in- 
cludes a control unit including a microprocessor, a 
pressure-exerting assembly for cooperating with a 



compartmentalized pouch, and analysis means. 
The pressure-exerting assembly is controlled by 
the microprocessor by means of a motor. 

The analysis means includes a flow through, 
5 analysis cell and an analytical sensor. The analysis 
cell has an inlet in fluid communication with an 
outlet of a compressible chamber of the compart- 
mentalized pouch, for receiving an analyzable liq- 
uid sample delivered from the compressible cham- 
70 ber by cooperation of the pressure-exerting assem- 
bly with the compressible chamber. 

The analysis cell also includes an outlet, and a 
chamber in the form of a pathway. The analytical 
sensor is situated adjacent the analysis cell cham- 
15 ber. The microprocessor is in operative commu- 
nication with the analytical sensor. 

Also provided is an analytical process that in- 
cludes admitting a selected volume of a liquid 
sample into a first pressure-compressible compart- 
20 ment of a device having compressible compart- 
ments. The sample may be a body fluid to be 
analyzed for a target chemical species. An exem- 
plary body fluid is plasma water obtained by ul- 
trafiltration of dialyzed blood, or is peritoneal fluid. 
25 Thereafter, under microprocessor control, pres- 

sure is applied to a second pressure-compressible 
compartment containing a chemical for producing a 
reaction product upon interaction with any target 
chemical species in the sample. A temporary seal 
30 that forms a first portion of a wall defining the first 
compartment is opened so as to provide for fluid 
communication with the second pressure-com- 
pressible compartment, and a selected quantity of 
the chemical is pressure-forced into the first com- 

35 partment. 

Thereafter, under microprocessor control, pres- 
sure is applied to a third pressure-compressible 
compartment containing a reagent for mixing with 
any reaction product to produce an analyzable flu- 
40 id. A temporary seal that forms a second portion of 
a wall defining the first compartment is opened so 
as to provide for fluid communication with the third 
pressure-compressible compartment, and a suit- 
able amount of the reagent is pressure-forced into 
45 the first compartment. 

Thereafter, under microprocessor control, pres- 
sure is applied to the first compartment. A tem- 
porary seal that forms a third portion of a wall 
defining the first compartment is opened, and the 
50 analyzable fluid is pressure forced from the device 
into an analysis cell. Thereafter, under micropro- 
cessor control, the analyzable fluid in the analysis 
cell is analyzed. 



55 Brief Description of the Drawing 

Reference is now made to the accompanying 
drawing, which forms a part of the specification of 
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the present invention, and which depicts preferred 
embodiments of apparatus in accordance with the 
present invention. 

Figure 1 is a perspective view of a preferred 
control unit in accordance with the present in- 
vention; 

Figure 2 is a perspective view of the motor/roller 
assembly of the control unit of Figure 1, the 
assembly having been removed from the control 
unit; 

Figure 3 is a plan view of further internal details 
of the control unit of Figure 1; 
Figure 4 is a block diagram depicting an inter- 
relationship of parts of the control unit of Figure 
1; 

Figure 5 is a plan view of a preferred compart- 
mentalized pouch in accordance with the 
present invention, with a separator device at- 
tached; 

Figure 6 is partial, plan view of the assembly of 
Figure 2. with the pouch of Figure 5 in engage- 
ment with the rollers of the assembly; 
Figure 7 is a cross-sectional view taken substan- 
tially along line 7—7 of Figure 6; and 
Figure 8 is a plan view of another preferred 
embodiment of a compartmentalized pouch in 
accordance with the present invention. 

Detailed Description of the Invention 

The present invention is useful for analyzing 
small samples of a fluid, in particular a body fluid, 
for a target chemical species. As will become un- 
derstood, the present invention is capable of draw- 
ing a selected volume of a fluid sample, providing 
for conversion of the target species into a reaction 
product, providing for reaction thereof with a suit- 
able reagent or reagents to form an analyzable 
product, which is suitably a colorimetrically analyz- 
able, colored solution, carrying out the analysis, 
determining the concentration of the target species 
from the analytical result, and informing the user of 
the concentration. 

As will be explained, the present invention is 
based upon a control unit that is advantageously 
small in size, portable and self-contained. The 
present invention is further based upon the com- 
bination of a roller assembly and a compartmen- 
talized pouch containing certain chemicals, with the 
rollers functioning to break temporary seals of the 
compartments and to push fluids from one com- 
partment to another. 

Referring to Figure 1, a preferred control unit 
10 in accordance with the present invention, benefi- 
cially includes a control panel 12 and has a side 
slot 14. Disposed within the control unit is a 
motor/roller assembly, shown in Figure 2, which 
includes a motor 16 and rollers 18,20. and which 



has a bottom part 19 and a top part 21 . Roller 18 is 
driven by the motor, and roller 20 is conveniently 
free rolling and situated above roller 18. Rollers 
18,20 are spaced apart to form a slot 22, which is 

5 continuous with slot 14, and into which, with brief 
reference to Figures 6 and 7, an end 24 of a 
preferred compartmentalized pouch 25 in accor- 
dance with the present invention, may be inserted. 
If desired, roller 20 is capable of vertical translation 

10 to provide for a temporary increase in the gap of 
slot 22. 

The assembly of Figure 2 also includes light 
sensors 26,27; Motor 16 turns lower roller 18 to 
begin advancing or pulling the pouch through the 

75 rollers. When optosensor 27 is blocked by the 
pouch, motor 16 stops. 

With reference to Figure 3, which shows further 
internal details of the control unit, control unit 10 is 
beneficially provided with an internal source of 

20 power 30, which is suitably a rechargeable, remov- 
able, conventional battery, and with a conventional 
serial port 32 for communication of the control unit 
with, for instance, an external computer system or 
a printer (not shown). Control unit 10 also advanta- 

25 geously includes a colorimetric analysis system 40 
and, in fluid communication therewith via an outflow 
line 42, a beneficially removable, waste container 
44 for holding processed liquid. As will be ex- 
plained, the colorimetric analysis system is con- 

30 nectable to a pouch through an inflow line 48. 

The colorimetric analysis system includes *a 
flow cell 50, a light source 52 such as an LED, and 
a light sensor 54 such as a photodiode. The flow 
cell advantageously is made of plexiglass and has 

35 a generally z-shaped pathway 56, which includes a 
generally linear, central path 58. Light source 52 is 
conveniently situated at an end 60 of central path 
58, and light sensor 54 is located at an opposite 
end 62 of the central path. 

40 The volumetric capacity of the flow cell is 

designed for small volumes of sample. Therefore, a 
volumetric capacity of about 0.5 to 1.0 ml, prefer- 
ably about 0.8 ml, is advantageously chosen for 
central path 58. Central path 58 beneficially has an 

45 extended length which provides for enhanced sen- 
sitivity for low concentrations of the target chemical 
species, in the case of peritoneal dialysis for +/- 
10% sensitivity for urea concentrations even as low 
as about imM. Accordingly, the length of path 58 

so is preferably about 2.8 cm, with a length of about 
2.5 to 3 cm being typically suitable. Pathway 56 is 
advantageously characterized by an internal diam- 
eter of about 3mm. 

Referring to Figure 4, control unit 10 also in- 

55 eludes a conventional microprocessor 70, which is 
beneficially a microcontroller, conveniently com- 
mercially available from Motorola, and includes a 
conventional programmable memory 72, which op- 
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eratively intercommunicate with control panel 12. 
The control unit is equipped with appropriate soft- 
ware. 

The control panel beneficially includes a 
pressure-sensitive, membrane keypad 80. The 
keypad includes manually actuable actuators for 
controlling power from battery 30, indicated at 82; 
for data input, indicated at 84,86; for resetting the 
software program to the beginning when appro- 
priate, indicated at 88; and for data transfer via 
serial port 32, indicated at 90. Actuator 86 also 
may be used, in response to an appropriate soft- 
ware prompt, to initiate action of motor 16. 

Control panel 12 also includes a readout panel 
92, which is conveniently an LCD display, for visu- 
ally communicating with a user. Display 92 may be 
used, for example, to request information, such as 
patient information, to be inputted by the user, to 
request the user to carry out a certain task, and to 
provide information to the user, for instance, to 
inform the user that an analysis is in the filling or 
incubating stage, or that dialysis is complete. The 
control panel further includes visual signals or 
alarms, conveniently LEDs, that indicate that dia- 
lysis is complete, for instance, a green light LED, 
and that indicate that the power is insufficient, for 
instance that the battery is low, indicated respec- 
tively as 94,96. Audible signals or alarms could 
alternatively be used. Actuator 82 beneficially in- 
cludes an LED to indicate that the power is "on". 

With reference to Figure 5, compartmentalized 
pouch 25 is typically connected to a separator 
device 100, which may be a conventional hemofil- 
ter, and which in the case of for instance, 
hemodialysis, typically includes membrane-forming 
hollow fibers 102 within a housing 104. Separator 
device 100 is in fluid communication with conven- 
tional tubing 106, which typically forms a circuit 
with a patient. A body fluid, for instance blood, is 
thus circulated through the separator device via 
tubing 106. 

The walls of the membrane-forming hollow fi- 
bers of the separator device depicted in Figure 5, 
have pores sized large enough for passage through 
the walls of a desired body fluid component such 
as plasma water. The desired body fluid compo- 
nent collects within housing 104 exterior to the 
fibers, prior to exit via an outlet port 108. 

As an essential feature of the present invention, 
pouch 25 includes several pressure-compressible 
compartments, which will be described in detail. 
The pouch is advantageously formed of two layers 
of a suitable thermoplastic material such as PVC, 
and the compartments are conveniently formed in 
part of permanently sealed walls by use of a per- 
manent sealing technique such as in the case of a 
PVC layered structure, conventional RF (Radio Fre- 
quency) welding, and in part of heat seals by use 



of conventional heat sealing. The heat seats are 
rupturable suitably by roller pressure, that is, are 
conveniently pressure-rupturable. It will be under- 
stood that the terms "permanently sealed" and 

5 "pressure-rupturable" or "rupturable" are relative, 
and that the present invention contemplates rupture 
of the rupturable walls but no rupture of the perma- 
nently sealed walls. 

The pressure-compressible compartments may 

io include chemicals such as suitable reagents or 
enzymes for the target chemical species to be 
analyzed. As will become clear, a portion of pouch 
25 is suitably a three layered structure that in- 
cludes an additional layer of the thermoplastic ma- 

75 terial selected; however, the entirety of pouch 25 
could be two layered depending, for instance, upon 
the reagent system employed. 

A pressure-compressible compartment 110 is 
defined by a wall portion 112 suitably formed by 

20 RF welding, and by a relatively weaker or rup- 
turable, wall portion 114, suitably formed by heat 
sealing. Compartment 110 has an inlet port 116 
connectable to outlet port 108 of the separator 
device. Compartment 110 is typically empty, that 

25 is, void, even of air or other gas. However, in the 
case of a pouch used for a calibration run, com- 
partment 110 contains a known concentration of 
urea, and compartment 110 need not be connected 
to a separator device. 

30 The volumetric capacity of compartment 110 

suitably determines the volume of the fluid sample 
provided for analysis. Alternatively, the volume to 
be received by compartment 110 could be metered 
and could be less than the volumetric capacity of 

35 the compartment. Beneficially, in accordance with 
the present invention, a small volume, say about 
0.3 to 5 ml, of a fluid sample may be analyzed. 

A pressure-compressible compartment 120 is 
defined by a wall portion 122 suitably formed by 

40 RF welding, and by a relatively weaker, wall portion 
124, suitably formed by heat sealing, for outflow of 
fluid from compartment 120. Conveniently, ruptura- 
ble, wall portion 114 of compartment 110 also 
defines compartment 120 in part. Accordingly, tem- 

45 porary seal 114 provides, after being ruptured, for 
flow of the fluid sample from compartment 110 and 
into a compartment 120. However, if desired, com- 
partment 120 could, be defined in part by a sepa- 
rately rupturable, wall portion that provides for in- 

50 flow of the fluid sample after wall portion 114 has 
been ruptured. 

Compartment 120 contains a chemical (not 
shown) for converting a target chemical species of 
the fluid sample into a reaction product which is 

55 beneficially water soluble, and which may be sub- 
sequently converted to form an analyzable, suitably 
colorimetrically analyzable, solution. The amount of 
the chemical provided within compartment 120, will 
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depend upon factors including the volume of the 
fluid sample, the expected concentration range of 
the target chemical species, and the time to be 
allowed for the conversion reaction. A 
stoichiometric excess of the chemical vis-a-vis an 
upper end of the expected concentration range of 
the target species, may be used to provide for 
quantitative conversion of the target species to 
reaction product. 

For analyzing urea, the chemical in compart- 
ment 120 may be urease enzyme, which catalyt- 
ically converts urea into ammonia. In the case of a 
catalyst, the amount of the catalyst selected may 
be vis-a-vis a lower end to a midpoint of the 
expected concentration range of the target species. 
Competing considerations in selecting the amount 
of catalyst, include a need for sensitivity at the 
lower end of the range, and the time to be allowed 
for the conversion reaction, as a relatively greater 
amount of the catalyst will more rapidly effect a 
completion of the conversion reaction. Urease en- 
zyme may be provided within compartment 120 
either in solution or immobilized form. A nylon 
substrate is particularly beneficial for immobilizing 
urease. 

With reference also to Figure 7, pouch 25 
includes compartments 130,140, which are suitably 
situated one .directly over the other. These com- 
partments have inlet ports 136,146, respectively, 
with plugs ,138,148. 

Pouch 25 is three-layered in the area of com- 
partment 130. Compartment 130 is defined by a 
wall portion 132 suitably formed by RF welding, 
and by a relatively weaker, wall portion 134, suit- 
ably formed by heat sealing, for fluid outflow from 
compartment 130. Likewise, compartment 140 has 
a rupturable wall portion (not shown) for fluid out- 
flow, which is conveniently directly beneath wall 
portion 1 34. The use of a three layered structure in 
which rupturable wall portions are situated one 
directly over the other, provides for equal volumes 
of fluid to be delivered simultaneously from com- 
partments 130,140. 

Compartments 130,140 contain reagents (not 
shown) for forming an analyzable product, suitably 
a colored solution suitable for colorimetric analysis, 
upon reaction with the reaction product formed in 
compartment 120. For urea analysis, a combination 
of colorimetric reagents is preferably utilized, these 
being an aqueous solution of phenol and sodium 
nitroprusside, and an aqueous solution of sodium 
hydroxide and sodium hypochlorite. Distilled water 
is suitably the aqueous solvent for these reagents. 
These reagents react with ammonia to yield a blue 
colored solution, in what is known as the Berthelot 
reaction. 

Another colorimetric reagent reactive with am- 
monia to form a colored solution, for example thy- 



mol blue, could, of course, be used for urea analy- 
sis. When compartment 130 contains thymol blue, 
there is no need for compartment 140 and thus a 
pouch structure that is entirely two layered, may be 
5 used. 

In any event, the amount of the reagent or 
reagents provided, will depend upon factors includ- 
ing the volume of the fluid sample and the ex- 
pected concentration range of the target chemical 

10 species. A stoichiometric excess of the reagent or 
reagents vis-a-vis an upper end of the expected 
concentration range of the target species, may be 
used to provide for quantitative conversion of the 
reaction product to analyzable product. 

75 The temporary seals of compartments 130,140 

provide, after being ruptured, beneficially for si- 
multaneous flow of the reagents from the respec- 
tive compartments and into a compartment 150, 
which conveniently includes an aperture 156 in a 

20 floor 158 thereof through which flow from compart- 
ment 140 enters compartment 150. Likewise, tem- 
porary seal 124 provides for flow of typically color- 
less, reaction product out of compartment 1 20 and 
into compartment 150. Accordingly, compartment 

25 150 provides for mixing of reaction product and a 
suitable reagent or reagents to form an analyzable 
product, which is suitably a colorimetrically analyz- 
able, colored solution. * 
Compartment 150 is defined by a wall portion 

30 152 suitably formed by RF welding, and by a 
relatively weaker, wall portion 154 for outflow 5 of 
analyzable product from compartment 150. Conve- 
niently, rupturable, wall portion 134 of compartment 
130 also defines compartment 150 in part. " '* 

35 Compartment 150 has an outlet port 160, which 

provides for communication, after rupture of wall 
portion 154 of the pouch, advantageously with flow 
cell 50 via line 48. The contents of compartment 
150 are thereafter analyzed, beneficially col- 

40 orimetrically analyzed in the flow cell, but could be 
analyzed by other instrumentation. 

For ease of understanding, use of a control unit 
and a compartmentalized pouch in accordance with 
the present invention, will be described in the con- 

45 text of analyzing for urea concentration, for in- 
stance, during hemodialysis. However, it will be 
understood that apparatus in accordance with the 
present invention has other analytical uses, and in 
particular other biomedical analytical uses. Other 

so enzymes such as creatinase could be placed into a 
pouch compartment, for determining creatinine lev- 
els in blood. 

With reference to Figures 1-7, at an appro- 
priate time, programmable memory 72 commu- 

55 nicates with microprocessor 70, and the micropro- 
cessor in response activates display 92, which in- 
dicates a urea concentration measuring time and 
requests insertion of pouch 25 by user. The user 
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thereafter inserts the pouch into the side slot of 
control unit 10 so that end 24 of the pouch is 
situated between rollers 18,20. 

Inlet port 116 of the pouch is connected to 
output port 108 of separator device 100. A patient's 
blood is circulated through tubing 106 and the 
separator device, which is suitably a hollow fiber 
membrane, hemofilter such as the Minifilter® 
Hemofilter available from Amicon Corp. 

Plasma water passes through the pores of the 
walls of the hollow fibers of the hemofilter and is 
collected in housing 104. Blood cells are larger and 
cannot pass through the pores, and travel through 
the center of the hollow fibers and pass out of the 
hemofilter. A predetermined volume of the plasma 
water, conveniently determined by the volumetric 
capacity of compartment 110, passes via outlet 
port 108 of the hemofilter and inlet port 116 of the 
pouch into the compartment. Suitably, the volume 
of plasma water is about 3 ml. 

in response to an instruction displayed by dis- 
play 92, the user presses actuator 86. Microproces- 
sor 70 controls operation of battery-powered, motor 
16. Under microprocessor control, the rollers now 
advance the pouch. As the top portion of the pouch 
passes through the rollers, the rollers pass over the 
inlet port of compartment 110, thereby blocking 
backflow though such port. 

The rollers advance the pouch until a point A, 
shown in Figure 5, is reached. The pressure of the 
rollers on compartment 110 compresses "the 
pressure-compressible compartment, thereby 
breaking outflow-providing, heat seal 114. The mo- 
tor stops when point A is reached because sensors 
26,27, which operatively communicate with micro- 
processor 70, are blocked. 

The rollers stop immediately upstream of seal 
114. As a result, the plasma water is pushed by 
roller pressure from compartment 110 into com- 
partment 120. The rollers now define compartment 
120 in part. 

Compartment 120, which is downstream of 
compartment 110, contains urease enzyme immo- 
bilized on a nylon substrate. The enzyme could 
alternatively be in solution. For a sample volume of 
about 3 ml, the urease enzyme suitably has an 
activity of about 8 units. The enzyme converts urea 
in the liquid sample to ammonia. 

Incubation of the urea and urease enzyme 
takes place for a defined period of time, typically 
about 60 seconds. A minimum incubation time for 
+ /- 10% sensitivity is about 60 to 90 seconds. To 
increase sensitivity, for instance, in the case of a 
low concentration of the target chemical species, 
the time period for incubation may be extended. A 
maximum incubation time is typically about 5 min- 
utes. Microprocessor 70 controls the incubation 
time. 



For a sample volume of about 0.3 to 3 ml, 
compartment 130 contains a reagent in the form of 
about 2 ml of an aqueous solution of phenol and 
sodium nitroprusside, suitably in concentrations of 

5 0.5M and 0.8mM, respectively. Compartment 140 
contains another reagent in the form of about 2 ml 
of an aqueous solution of sodium hydroxide and 
sodium hypochlorite, conveniently in concentrations 
of 0.5M and 30mM, respectively. These reagents 

10 react with ammonia to yield a blue colored solution. 

After the incubation step, the rollers, under 
microprocessor control, now advance the pouch. 
When a point B, shown in Figure 5, is reached, the 
pressure of the rollers on compartments 

75 120,130,140 breaks the respective outflow-provid- 
ing heat seals (with temporary seal 124 being up- 
stream of and breaking in advance of the pressure- 
rupturable, outflow-providing walls of compartments 
130,140), and the contents of these compartments 

20 are pushed by roller pressure into compartment 
150. 

The rollers now define compartment 150 in 
part. In compartment 150, ammonia from compart- 
ment 120 and the colorimetric reagents from com- 

25 partments 1 30,1 40 mix to form a blue, col- 
orimetrically analyzable, aqueous solution. The 
force of the fluids exiting the respective compart- 
ments under pressure, causes them to mix very 
well, and very quickly in compartment 150. 

30 Under microprocessor control, the rollers con- 

tinue to advance the pouch until the entirety of 
pouch 25 has passed through the rollers and sen- 
sor 27 is no longer blocked. As a result, roller 
pressure breaks rupturable, outflow-providing heat 

35 seal 154 of compartment 150, and the blue solution 
of compartment 150 is pushed by roller pressure 
through outlet port 160 of the pouch into the plex- 
iglass flow cell. 

The microprocessor thereafter immediately ac- 

40 tivates light source 52, suitably a yellow LED, by 
wires 64, and light sensor 54 senses the light 
intensity at end 62 of pathway 58 to obtain a 
"blank" or baseline reading. After about 60 to 90 
seconds, the microprocessor again activates light 

45 source 52 and light sensor 54, to make the analysis 
measurement. The intensity of light incident on the 
sensor is inversely proportional to the amount of 
urea in the liquid sample. The light intensity in- 
formation is communicated by wires 66 to micro- 

50 processor 70, which based thereon, provides for 
computation of the urea concentration and benefi- 
cially displays the urea concentration on display 
92. Advantageously, the present time and the time 
of any next analysis are also displayed. Subse- 

55 quently, the user is prompted to remove the used 
pouch and, if a further analysis is required, there- 
after to insert a fresh pouch. 

A +/- 10% sensitivity is typically found for 
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concentrations of urea ranging from about 3mM to 
about 50 mM. Similar sensitivity is generally found 
in the case of peritoneal dialysis for urea con- 
centrations of about 2mM, even as low as about 
1mM. 5 

Accordingly, in the case of preferred pouch 25, 
the outflow-providing, temporary seals are sequen- 
tially ruptured: first, temporary seal 114 of compart- 
ment 110, then rupturable seal 124 of compartment 
120, then the outflow-providing, rupturable seals of 10 
compartments 130,140, and finally rupturable seal 
154 of the pouch. 

Figure 8 shows another preferred embodiment 
of a compartmentalized pouch in accordance with 
the present invention. Compared to pouch 25, this rs 
pouch is generally easier to manufacture. As this 
pouch is characterized by many of the features of 
pouch 25, the description of this pouch is generally 
limited, for sake of brevity, to features that are 
different from those of pouch 25. 20 

With reference to Figure 8, a two layered, 
compartmentalized pouch 200 is shown. A 
pressure-compressible compartment 210 is defined 
by a wall portion 212 suitably formed by RF weld- 
ing, and by relatively weaker or pressure-ruptura- 25 
ble, wall portions 214,215.216.218. Compartment 
210 has an inlet port 216 for receiving a liquid 
sample. Like compartments 110,150, compartment 
210 is typically empty, that is, void of air or other 
gas. 3Q 

A pressure-compressible compartment 220 is 
defined by a wall portion 222 suitably formed by 
RF welding, and conveniently by relatively weaker, 
wall portion 214 of compartment 210 for outflow of 
fluid from compartment 220. Compartment 220, 35 
similar to compartment 120, contains a chemical 
for converting a target chemical species of the fluid 
sample into a reaction product. Temporary seal 
214 provides, after being ruptured, for flow of the 
fluid from compartment 220 and into compartment 40 
210. 

Pouch 200 includes compartments 230,240, 
which are advantageously situated side-by-side. 
Compartments 230,240, like compartments 
130,140, contain reagents for forming an analyz- 45 
able product upon reaction with the reaction prod- 
uct formed in compartment 210. As in the case of 
pouch 25, the reagent selection may eliminate the 
need for compartment 240. 

Compartment 230 is defined by a wall portion 50 
232 suitably formed by RF welding, and conve- 
niently by relatively weaker, wall portion 215 of 
compartment 210 for fluid outflow from compart- 
ment 230. Likewise, rupturable, wall portion 216 of 
compartment 210 conveniently provides for fluid 55 
outflow from compartment 240. Temporary seal 
216 is conveniently in alignment with temporary 
seal 215. This alignment provides for the reagents 



to be delivered simultaneously from compartments 
230,240. 

As in the case of the rupturable, outflow-provid- 
ing, wall portions of compartments 130,140 of 
pouch 25, rupturable, outflow-providing, wall por- 
tions 215,216 of compartments 230,240 are situ- 
ated downstream of the rupturable, outflow-provid- 
ing, wall portion of the compartment containing, in 
the case of a urea analysis, urease enzyme. This 
relative location, as well as the greater relative 
volumes of compartments 230,240 vis-a-vis com- 
partment 220, prevents bursting of seals 215,216 
until after seal 214 of compartment 220 has 
pressure-ruptured. 

The rupturable, wall portions of compartments 
230,240 provide, after being ruptured, beneficially 
for simultaneous flow of the reagents from the 
respective compartments and into compartment 
210, which will typically contain colorless, reaction 
product. Accordingly, compartment 210 also pro- 
vides for mixing of reaction product and a suitable 
reagent or reagents to form an analyzable product, 
which is suitably a colorimetrically analyzable, col- 
ored solution. — 

Compartment 210 includes temporary seal 218 1 
for outflow of analyzable product from compart- f 
ment 210. Compartment 210 has an outlet port 
260, which provides for communication, after rup- ^ 
ture of wall portion 218 of the pouch, advanta- 
geously with flow cell 50 via line 48 (both shown in 
Figure 3). The contents of compartment 210 are \ * 

thereafter analyzed, suitably colorimetrically ana- ^ 
lyzed in the flow cell, but could be subjected to ^ 
another type of analysis by other instrumentation. . •** 

Accordingly, in the case of preferred pouch 
200, outflow-providing, temporary seals are se- 
quentially ruptured as follows: first, seal 214, which 
conveniently forms a portion of the wall of compart- 
ment 220, then seals 215,216, which conveniently 
form a portion of the wall of compartments 
230,240, respectively, and finally seal 218, which is 
downstream of the other seals. 

By the apparatus described, a single fluid sam- 
ple can be analyzed for a target chemical species. 
However, it will be understood that a compartmen- 
talized pouch in accordance with the present inven- 
tion, may be designed to be useful for the analysis 
of multiple samples. 

Having described the invention in detail and by 
reference to preferred embodiments thereof, it will 
be apparent that modifications and variations are 
possible without departing from the scope of the 
invention defined in the appended claims. Several 
changes or modifications have been briefly men- 
tioned for purposes of illustration. 

Claims 
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1. Microprocessor-based analytical apparatus 
comprising a control unit comprising a micro- 
processor; microprocessor-controlled motor 
means; a motor means-controlled, pressure- 
exerting assembly for cooperating with a com- 
partmentalized pouch having an inlet conduit 
for receiving a fluid sample to be analyzed; 
and analysis means comprising a) a flow 
through, analysis cell having (1) inlet conduit 
means in fluid communication with outflow 
means of a compressible chamber of said 
compartmentalized pouch for receiving an ana- 
lyzable liquid sample delivered from said com- 
pressible chamber by cooperation of said 
pressure-exerting assembly with said com- 
pressible chamber, (2) and fluid outlet means, 
said flow through, analysis cell having a cham- 
ber in the form of a pathway, and b) analytical 
sensor means situated adjacent said analysis 
cell chamber, wherein said microprocessor op- 
eratively communicates with said analytical 
sensor means. 

2. The analytical apparatus of claim 1, wherein 
said analytical sensor means is photometric 
analysis means. 

3. An analytical process comprising providing a 
device having compressible compartments, ad- 
mitting a selected volume of a fluid sample to 
be analyzed for a target chemical species, into 
a first pressure-compressible compartment of 
said device; thereafter, under microprocessor 
control, applying pressure to a second 
pressure-compressible compartment contain- 
ing a chemical for producing a reaction prod- 
uct upon interaction with said target chemical 
species, and opening a temporary seal that 
forms a first portion of a wall defining said first 
compartment so as to provide for fluid commu- 
nication with said second pressure-compress- 
ible compartment and pressure force a se- 
lected quantity of said chemical into said first 
compartment, which contains said target 
chemical species, to provide for conversion of 
said target chemical species into said reaction 
product; thereafter, under microprocessor con- 
trol, applying pressure to a third pressure- 
compressible compartment containing a 
reagent for mixing with said reaction product to 
produce an analyzable fluid, and opening a 
temporary seal that forms a second portion of 
a wall defining said first compartment so as to 
provide for fluid communication with said third 
pressure-compressible compartment and pres- 
sure force a suitable amount of said reagent 
into said first compartment, which contains re- 
action product, to provide for reaction of said 



reaction product with said reagent to form said 
analyzable fluid; thereafter, under microproces- 
sor control, applying pressure to said first 
compartment and opening a temporary seal 

5 that forms a third portion of a wall defining said 

first compartment and pressure forcing said 
analyzable fluid from said device into an analy- 
sis cell; and thereafter, under microprocessor 
control, analyzing said analyzable fluid in said 

70 analysis cell. 

4. The analytical process of claim 3, further com- 
prising obtaining said fluid sample as a filtrate 
from a bulk fluid, prior to admitting said fluid 
75 sample into said device having compressible 

compartments. 



20 



25 



30 



35 



40 



45 



50 



55 



8 



wviQnnrirv -co 



ncr\4-rr<-v » -» i - 



EP 0 504 772 A2 





0 



EP 0 504 772 A2 




in 



EP 0 504 772 A2 



i 




7*V £7 .0^ 



EP 0 504 772 A2 




EP 0 504 772 A2 




J 



Europaisches Patentamt 

European Patent Office 

w . . © Publication number: 0 504 772 A3 

Office europe n des brevets w 



© EUROPEAN PATENT APPLICATION 

© Application number: 92104494.7 © Int. CI. 5 : G01N 33/52, G01 N 35/00, 

^ G01N 33/48, G01N 21/25, 

© Date of filing: 14.03.92 A61 M 1/16 



® Priority: 18.03.91 US 671200 


© Applicant: PARADIGM BIOTECHNOLOGIES 


© Date of publication of application: 


PARTNERSHIP 


45 Lisgar Street 


23.09.92 Bulletin 92/39 


Toronto, Ontario M6J 3T3(CA) 


© Designated Contracting States: 


© Inventor: Skerratt, Brenda L 


DE ES FR GB IT NL SE 


15 Spruce Street, Aurora 




Ontario L4G 1R7(CA) 


® Date of deferred publication of the search report: 




27.01.93 Bulletin 93/04 






© Representative: Baronetzky, Klaus et al 




Patentanwalte Dipl.-lng. R. Splanemann, Dr. 




B. Reitzner, Dipl.-lng. K. Baronetzky Tal 13 




W-8000 Munchen 2(DE) 



© Analytical apparatus. 



® A microprocessor-based, control unit for analysis 
of a fluid sample, and for especially biomedical 
analysis of a body fluid, is provided. Also provided is 
the combination of a roller assembly (18,20) and a 
compartmentalized pouch (25) containing certain 
chemicals, with the rollers (18,20) functioning to 
break rupturable seals of compartments and to push 
fluids from one compartment to another. Apparatus 
in accordance with the present invention, is useful, 
for example, in monitoring urea concentration during 
dialysis. 
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